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ECONOMIC FEASIBILITY OF CONSERVATION TILLAGE WITH STOCHASTIC YIELDS AND EROSION RATES Tony Prato
This paper examines the extent to which stochastic variation in crop yields and erosion rates affect the economic feasibility of, and farmer's willingness to adopt, minimum and no tillage in a northern Idaho watershed. Stochastic variation in yield is evaluated by sampling an empirical frequency distribution of the ratio of yields between conservation and conventional tillage. Variability in yield due to tillage system and weather are separated from variability caused by soil type and management. Stochastic variation in erosion rates is determined by sampling the distribution of erosion prediction errors for the Universal Soil Loss Equation. Expected utility maximization is used to identify the optimal choice of tillage systems for different risk preferences. Stochastic variation in yield due to tillage practice and rainfall was found to have a proportionately greater effect on yield than errors in predicting erosion rates. For the soils, crops and land treatment practices evaluated, risk averse farmers would prefer conventional tillage to minimum and no tillage.
The Water Resources Council's Principles and Guidelines, which guide federal water and land resources planning, recognize that risk and uncertainty can arise from, "measurement errors and from the underlying variability of complex natural, social, and economic situations" and that "design alternatives reflecting various attitudes toward uncertainty may be suggested" (Water Resources Council, pp. 15-16). Despite these guidelines, risk and uncertainty are frequently ignored in economic evaluations of soil and water conservation practices (Pope, et al.; Taylor and Young; Helmers, et al.) . Ignoring these elements can lead to faulty conclusions regarding farmers' willingness to adopt conservation tillage practices.
A few studies have examined the effects of risk on farmers' decisions to adopt soil and water conservation practices. Farm surveys conducted by Ervin and Ervin and Nowak and Korsching show that as risk aversion increases, farmers reduce their use of conservation practices. Miranowski's study indicates that farmers consider no till farming to be more risky than conventional tillage, that riskaverse farmers are more likely to use conventional tillage, and that farmers, as a group, tend to be slightly risk averse. Nowak and Wagener conclude that farmers' attitudes toward risk can affect their willingness to adopt soil conservation practices. They suggest that further research on how risk affects adoption of soil conservation practices would be helpful in designing or implementing practices.
Kramer et al. conclude that risk aversion in combination with variation in gross revenues
per acre and monthly availability of field hours significantly affects optimal choices of crops and best management practices. A principal conclusion of their study is that, "the impacts [of considering uncertainty] are sufficient to warrant greater attention to uncertainty in future erosion control studies" (p. 701). They also conclude that risk considerations are important in designing government programs to control soil and nutrient losses from agricultural land.
Setia used expected utility maximization and safety-first decision criteria to rank soil conservation systems for corn and soybeans in Illinois. Stochastic elements of Setia's model include crop prices, crop yield and weather. Williams and Mikesell used stochastic dominance to rank cropping systems in Kansas. Klemme compared conventional and reduced tillage systems for corn and soybeans in Indiana using stochastic dominance. These studies used time series data on crop yields and prices to estimate net returns per acre for different management systems which were then compared using stochastic dominance. This paper examines the extent to which stochastic variation in crop yields and erosion rates affect the economic feasibility of, and farmers' willingness to adopt, minimum and no tillage in a northern Idaho watershed. Unlike previous studies, stochastic variation in 334 NORTH CENTRAL JOURNAL OF AGRICULTURAL ECONOMICS, Vol. 12, No. 2, July 1990 yield is determined by sampling an empirical frequency distribution for the ratio of yields between conservation and conventional tillage. The approach used here isolates the variation in yields due to tillage system and weather from variation caused by other factors such as soil type and management. In addition, it is one of the first studies to consider how documented errors in predicting soil losses with the Universal Soil Loss Equation (USLE) affect the economic feasibility of alternative tillage practices.
Model
A model is developed to estimate changes in annualized net returns per acre between conventional tillage and two conservation tillage practices, minimum and no tillage. Since Prato's generic study showed that variation in yield is a much more important determinant of the economic feasibility of conservation tillage than variation in crop prices and costs of production, only yield and erosion rates are treated as stochastic. Except for experimental plots, erosion rates are not measured. Rather sheet and rill erosion rates for different soil conservation practices are predicted using the USLE developed by Wischmeier and Smith. In the grain growing region of the Pacific Northwest, a modified version of USLE is used (McCool and George). For a specific tillage practice, cropping pattern and geographic location, there are two sources of discrepancy between true and predicted erosion rates; that due to measurement errors in the the R (rainfall) factor, K (soil erodibility), L (slope length) and S (percent slope) factors in the USLE and specification errors in the USLE. Since soil conservationists typically provide farmers with USLE erosion rates for alternative tillage practices and erosion rates affect gross returns, USLE prediction errors affect the expected profitability of these practices.
Predicted erosion rates are assumed to be a stochastic, proportional function of the true erosion rate Ej = djE*j dj>O,
where dj has a mean of 1 and constant variance. Solving (3) for E*j and substituting into (2) gives
Equations ( Rst is approximated as follows
where gst is the ratio of yield with conservation tillage to the yield with conventional tillage in year t and Yvo is the average initial yield for conventional tillage. For example, if the yield with conservation tillage is 90 percent of the yield with conventional tillage in year t (gst=.90), then Rst=-.10Yvo.
Per acre cost of production is Cjt = VCjoekt + FCjoept,
where VCj0 
where 7 is a real discount rate, T is the length of the evaluation period and f(r,T) is the amortization factor which is function of r and T.
Risk Analysis
The yield differential in equation (5) is stochastic because Rst and topsoil depth are stochastic. Rst is stochastic because gst is stochastic. Topsoil depth is stochastic because of random errors (dj) in predicting erosion rates. For simplicity, gst and dj are assumed to remain constant for a given tillage practice, soil type and simulation. Hence, the t subscript is dropped from gst. Stochasticity in gs and dj implies that a farmer faces yield uncertainty due to stochastic variation in the effect of that practice and rainfall on crop yield and in the erosion rate associated with that practice, respectively.
A 100-year evaluation period (T= 100) and a 4 percent real discount rate (r=.04) are used for each simulation. Although data are not available to estimate equation (1) for Tom Beall watershed, 2While the length of the evaluation period is somewhat arbitrary, a 100-year period was selected to capture the long-term productivity benefits of erosion control. 3Rescaling the risk aversion coefficients implicitly assumes that the representive farm uses one crop rotation. While this assumption is valid for farms in the study area, in general, farms could reduce risk by using several crop rotations. 4Conventional tillage uses a moldboard plow, cultivator, rodweeder and drill, minimum tillage uses a disk, spike harrow, rodweeder and drill, and no tillage uses a no-till drill.
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this watershed has topography and soil types that are similar to the Palouse region. Therefore, the topsoil depth term in equation (5) and the technology term in equation (1) Initial topsoil depths for the three soil types, erosion rates for conventional, minimum and no tillage, and costs of production and prices for wheat and peas are given in Table  1 . Thatuna-Naff soil has low erosion rates and a deep topsoil, Linville soil has medium erosion rates and moderately deep topsoil and Broadax soil has high erosion rates and shallow topsoil. Erosion rates are the annual average values predicted by the USLE for a wheat-pea rotation with contour farming.6
Costs of production for conventional and minimum till wheat and conventional till peas were estimated using the 6Other conservation treatments, namely cross slope and divided slope farming, were considered. Since the erosion rates for these other treatments are very similar to the rates for contour farming, only the latter was analyzed. Soil depths and erosion rates used here come from soil surveys made by the U.S. Soil Conservation Service. Yield differentials (Rst) for minimum and no tilled wheat are determined from 1984-87 yield data from experimental plots located north of Moscow, Idaho. Experimental data are used because it is not possible to distinguish the yield effects of tillage system and rainfall from the yield effects of soil type and management on yield from available farmlevel data. The experimental data are used to estimate separate beta distributions for the ratio of wheat yields between minimum tillage and conventional tillage and between no tillage and conventional tillage (gs).9 A beta distribution is used because it can generate a wide variety of statistical distributions. Table 2 contains the estimated parameters of the beta distributions for minimum and no tilled wheat.
Wheat yields averaged 11.2 percent lower with minimum tillage and 21.5 percent lower with no tillage than with conventional tillage. Yield reductions are large because the experimental plots utilized minimum or no tillage on the 'Inflation was assumed to be 3.6 percent in 1988, 5.9 percent in 1989 and 6.5 percent in 1990. These are the predicted inflation rates for GDP used by the Food and Agricultural Policy Research Institute.
8Since there is no production on set-aside acreage, average returns per acre for the whole farm would be less than the.returns reported here. Adjusting net returns per acre for the opportunity cost of set-aside acreage would reduce net farm income, but would not affect the annualized differences in net returns per acre and hence the results and conclusions of this study.
9The parameters of the beta distribution were estimated using the procedures reported by Johnson and Katz.
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peas instead of conventional tillage. Both distributions are skewed to the left and the distribution for minimum till exhibits greater skewness than the distribution for no till.
Variability in yields with minimum and no tillage and hence the riskiness of conservation tillage systems can vary with location. For example, in the dryland grain producing region of the Great Plains (and the study area), conservation tillage conserves soil moisture, resulting in lower yield variability than conventional tillage (Williams) . The effects of conservation tillage on yields can be quite different in humid production regions. Therefore, the yield adjustments estimated here are applicable only to regions having conditions similar to those in the study area.
Since the experimental plots used the same tillage system on wheat and peas, the wheat yield data are not consistent with the earlier assumption that peas are conventionally tilled. Unfortunately, experimental data are not available in the Palouse for a winter wheatspring pea rotation with minimum or no till wheat and conventionally tilled peas. Since tillage trials indicate that wheat yields are higher when peas are conventionally rather than minimum or no tilled, the ADNRs estimated here are expected to be biased downward.
The values of dj and gs used to simulate ADNR were generated by randomly selecting 200 observations from the empirical frequency distributions for dj and gs. Separate samples were drawn for each practice, soil type and simulation.
Results
To determine the relative importance of stochastic variation in the yield adjustment term (Rt) and erosion rates (dj) on the yield differential (AYsvt), the ratio of the average value of Rst to the average value of the topsoil depth term, #(Mxvt-Mxst), over the three soils and 100 years of the simulation is calculated for winter wheat. The average value of Rst is determined by substituting the sample means of gs (Table 2 ) and Yo=98.7 bu/ac, which is the wheat yield in the first year of the simulation, in equation (6). The average value of the topsoil depth term is determined using the topsoil depths obtained by substituting the mean erosion rate for each tillage practice into equation (4).
The topsoil depth term is 40 percent of the yield adjustment term in the average yield differential between minimum tillage and conventional tillage (11.4+ -1-28.3 I) and 24 percent of the yield adjustment term in the average yield differential between no tillage and conventional tillage (13.3+ 1-54.33 1). These results indicate that tillage practice and rainfall have a proportionately greater effect on the difference between wheat yields with conven- tional and conservation tillage than erosion rates and topsoil depth. Nevertheless, the erosion rates and topsoil depth appear to have a significant effect on the economic feasibility of switching from conventional to minimum or no tillage.
Non-stochastic ADNRs, the mean and variance of ADNR, and RADNRs for the five values of 0* are given in Table 3 . Non-stochastic ADNRs are calculated assuming zero errors in predicting erosion rates (dj=0) and sample means for gs: The mean and variance of ADNR are calculated from the 200 simulated values of ADNR generated for each soil type and conservation tillage practice. RADNR's are computed using equation (10). Since farmers are assumed to maximize RADNR, it is appropriate to compare the RADNR's for different tillage practices and risk preferences. The non-stochastic, mean and risk-adjusted ADNRs are negative except for RADNR at the low risk-neutral level (0*=-.01) in Broadax soil. These results suggest that minimum and no tillage are economically infeasible in all three soils and that conventional tillage is preferred to minimum and no tillage. Expected losses are lower but the variances are higher for minimum tillage than no tillage. However, except in Broadax soil at the highest risk-aversion level, RADNRs are consistently lower for no tillage than for minimum tillage. This occurs because no tillage has almost twice the average yield penalty as minimum tillage. All net return values increase from Thatuna-Naff to Linville soil and from Linville to Broadax soil because the benefits of erosion control increase as initial topsoil depth declines and erosion rates rise.
Cost Sharing Implications
The Agricultural Stabilization and Conservation Service (ASCS) offers federal cost sharing payments to farmers who use minimum or no tillage. Cost sharing payments in the study area are $12 per acre per year for minimum tillage and $18 per acre per year for no tillage for a maximum of two years. The effectiveness of cost sharing depends on soil type, tillage practice and risk preferences. At the low risk-neutral level (0*"=-.01), cost sharing makes minimum tillage economically feasible for two years in Thatuna-Naff and Linville soils, but results in a windfall gain to farmers in Broadax soil. Farmers would return to conventional tillage after two years because annual losses are incurred with minimum tillage. No till is economically infeasible with cost sharing at the low risk-neutral level in Thatuna-Naff and Linville soils but economically feasible for one year in Broadax soil. The minimum annual subsidy that would induce farmers to continue using minimum or no tillage beyond these adoption periods is equal to the annual losses given in Table 3 . This minimum subsidy increases with the level of risk aversion and is higher for no tillage than for minimum tillage.
At the high risk-neutral level (0*=0), cost sharing is insufficient to make minimum tillage economically feasible in Thatuna-Naff and Linville soils, but makes minimum tillage economically feasible for two years in Broadax soil. Cost sharing is insufficient to achieve economic feasibility for no tillage at the high risk-neutral level in all three soils. Cost sharing does not make minimum tillage or no tillage economically feasible in any of the three soils for risk-averse farmers (0*>0).
Conclusions
Stochastic variation in yield due to tillage practice and rainfall have a proportionately greater effect on yield than errors in predicting erosion rates. Such variation appears to decrease the economic feasibility of minimum and no tillage as farmers become more risk averse. For the soils, crops and land treatment practice considered here, annualized net returns per acre with minimum and no tillage are less than with conventional tillage for riskaverse farmers. This implies that risk-averse farmers would prefer conventional tillage to minimum or no tillage. This conclusion is consistent with the continued widespread use of conventional tillage in the study area.
Relative to conventional tillage, annualized net returns per acre decrease the most when no tillage is substituted for conventional tillage in low eroding, deep topsoil, and the least when minimum tillage replaces conventional tillage in high eroding, shallow topsoil. Continued use of conventional tillage will eventually erode enough topsoil to make minimum and no tillage economically feasible. This point will be reached sooner for high eroding, shallow topsoil than for low eroding, deep topsoil and earlier with minimum tillage than with no tillage. The more risk averse a farmer is, however, the longer it will take for minimum and no tillage to become economically feasible. Reducing the average yield penalty and/or variation in yields with minimum and no tillage would increase the economic incentive for adoption. Technical assistance designed to improve a farmer's ability to manage conservation tillage could reduce the yield penalty.
The level of cost sharing in the study area appears insufficient to make minimum and no tillage economically feasible. In addition, the level of cost sharing required to achieve economic feasibility increases with the level of risk aversion, decreases with initial topsoil depth, and is greater with no tillage than with minimum tillage. In the few cases where the level of cost sharing is sufficient to make minimum or no tillage economically feasible, use of these practices is discontinued by the time the cost sharing is terminated. Higher levels of cost sharing could lengthen the adoption period.
The major methodological contribution of this paper is that it: uses experimental field data to estimate relative yields for conservation tillage; incorporates relative yields in a risk assessment of conservation tillage; and evaluates the economic feasibility of conservation tillage for different soil types. A major policy implication of this paper is that additional cost sharing and technical assistance would stimulate the adoption of minimum and no tillage in the study area, particularly by risk averse farmers. However, this policy option may not be viable due to declining federal expenditures on soil conservation.
The conservation compliance provision of the current farm bill can significantly enhance the adoption of minimum and no tillage. This provision requires farmers to implement a conservation plan on all highly erodible fields by 1995 or lose their eligibility to receive price and income supports. Since most of the acreage in the study area is highly erodible, non-compliance can result in a significant loss in net farm income. Since minimum and no tillage have substantially lower erosion rates than conventional tillage, farmers may use these practices to achieve compliance and thus preserve their income.
The conclusions reached in this study do not apply to all farmers and conditions in the study area. Variation in the ability of farmers to manage conservation tillage, risk preferences, costs of production, financial status, and soil-crop conditions cause some farmers to use minimum or no tillage while others do not. What can be generalized from this analysis is that stochastic variation in crop yields and erosion rates and differences in farmers' risk preferences significantly affect the economic feasibility of switching from conventional to minimum or no tillage.
